INTRODUCTION
Non-ischemic cardiomyopathy (NICM) refers to a broad spectrum of myocardial conditions characterized by the reduction in left ventricular (LV) systolic function, in the absence of significant coronary artery disease (CAD). The prevalence of NICM in adults is more than 1:2500, and it is one of the leading causes of mortality (1, 2) . In Korea, NICM is identified as the reason in 27% acute heart failure (HF) presentations, and is associated with significant morbidity and mortality (3, 4) . Although progressive HF is an important cause of mortality, prior studies in Western patients found that one-third of deaths maybe due to sudden cardiac death (SCD) (5) , which may be lower in Korean NICM patients (6) .
A meta-analysis of five primary prevention trials in 1854 patients with NICM reported that implantable cardioverterdefibrillators (ICD) result in a 31% reduction in mortality (7) . However, no single prospective randomized clinical trial of ICD therapy in NICM, which used reduced LV ejection fraction (LVEF) mainly below 30-35% as the primary risk marker, has demonstrated convincing evidence of mortality reduction (CAT (8) , AMIOVIRT (9) , DEFINITE (10), SCD-HeFT (11) , and COMPANION (12) ). This suggests that patients with NICM and depressed LVEF may be quite heterogeneous in both their risks for mortality and SCD, if stratified by their LVEF.
Nonetheless, based on the results of these trials, LVEF has become a major criterion for selection of ICD recipient in clinical practice guidelines in both the United States (13) and Korea (14) . However, analysis of primary prevention trials suggest that only 20-25% of primary prevention ICD patients receive appropriate shocks within 5 years of implantation, and that many nominally eligible patients do not benefit from ICD therapy (15, 16) . A recent metaanalysis of commonly used risk stratification tests for arrhythmic events in patients with NICM, including functional parameters, depolarization and repolarization abnormalities, and arrhythmias, found that the available tests provide only a modest predictive value (17) . For example, LVEF was found to have a sensitivity of only 72% and specificity of 51% for the prediction of arrhythmic events.
Recently, delayed-enhancement cardiac magnetic resonance imaging (DE-CMR) has become a widely available clinical test to visualize in-vivo myocardial scar and fibrosis in ischemic (18) and non-ischemic cardiomyopathies (19) . Considering that the anatomic substrate for ventricular tachycardia (VT) is directly visualized, this test may be useful to identify patients with NICM who are at a risk for ventricular tachyarrhythmia, and for predicting SCD. In this review, we aim to discuss the evidence of cardiac magnetic resonance (CMR) scar imaging for the prediction of adverse cardiovascular outcomes in NICM, and in particular for SCD risk stratification.
Myocardial Scar in NICM and Ventricular Arrhythmias
Myocardial scar tissue provides the electrophysiological basis for VT in the context of chronic myocardial infarction (20) . While SCD in patients with prior myocardial infarction is thought mainly to be the result of reentrant ventricular arrhythmias originating from the subendocardial surface of infarcted myocardium, the mechanism in NICM is less well understood. Electro-anatomical mapping in patients with NICM however, has demonstrated abnormal electrocardiogram recordings favoring the occurrence of reentry circuits located in the LV base in the myocardium, frequently involving the perivalvular region (21, 22) .
In this context, it is interesting that myocardial scar can be seen in the basal septum located in the term should be mid-myocardium ("midwall fibrosis" or "midwall striae") in about 30% of patients with NICM (19, 23) ; this nonischemic type of fibrosis can be visualized with postcontrast DE-CMR imaging. Non-ischemic scar in NICM can also be found in epicardial location, or in a patchy pattern of fibrosis, which typically spares the endocardium (Fig.  1) . Features of ischemic injury are the involvement of the endocardium, and location in a region consistent with a coronary perfusion territory. This type of endocardial scar from ischemic injury can also be found in NICM without the presence of significant epicardial coronary disease, and can result from embolic events, coronary vasospasm, or spontaneously recanalized plaque rupture with insignificant stenosis (24) . The pattern and localization of myocardial fibrosis seen on DE-CMR can help identify the etiology of cardiomyopathy and is frequently used in the work-up of patients with new diagnosis of reduced LVEF or congestive heart failure symptoms (25) .
It is important to note that the presence and extent of the myocardial scar might not be concordant with LVEF. For instance, some patients with extensive scar might have relatively preserved LVEF either because the scar is not of full-thickness and/or because there is hyperkinesia of remote walls (26, 27) . Conversely, some NICM patients, even with severely reduced LVEF, may have no myocardial scar.
Study Population Characteristics
Studies evaluating the relationship of myocardial scar and outcomes in NICM are summarized in Table 1 . The inclusion and exclusion criteria used in these studies reflect the heterogeneous nature of NICM, which clinically has as a common denominator the absence of obstructive epicardial CAD. Several studies reference the World Health Organization classification of cardiomyopathies from 1996 (19, 23, (28) (29) (30) (31) (32) as inclusion criterion, whereby "dilated cardiomyopathy" is defined as "dilation and impaired contraction … may be idiopathic, familial/genetic, viral, immune, alcohol/toxic, or associated with recognized cardiovascular disease in which the degree of myocardial dysfunction is not explained by the abnormal loading conditions or the extent of ischemic damage" (33) . Clinical, non-MRI-based exclusion criteria were variable; thus, some studies included a wider range of etiologies of NICM (23, 30, 34) , whereas others had a narrow spectrum (35) . The former is more representative of the traditional clinical approach of patients with new onset of HF, which is to assess for the presence of CAD with invasive or non-invasive tests. Once CAD is excluded, the diagnosis of NICM is made and patients are treated alike, without further investigation of myocardial disease (36) .
Since DE-CMR allows the non-invasive and in-vivo assessment of myocardial tissue pathology, investigation for kjronline.org 685 CMR Scar Risk Stratification in NICM myocardial fibrosis, infiltration, and scarring to determine the etiology of cardiomyopathy has become a routine approach in clinical practice (25) . Similar to excluding certain etiologies of NICM based on clinical grounds alone (prior to CMR), the analyzed studies have taken a diverse approach in excluding etiologies after the knowledge of DE-CMR findings. Table 2 lists the specific study characteristics, among them the scar patterns that were included. Of interest is that several studies have excluded subendocardial scar, which is suggestive of prior ischemic damage, and a priori appears not compatible with the diagnosis of NICM. However, it has long been known from autopsy studies that "O" indicates included patient. In four of studies, only patients with NICM referred to ICD implantation for primary prophylaxis of SCD were included. *Patients with prior sudden cardiac arrest, ventricular tachycardia or other indications for secondary ICD prophylaxis were included, or not specified. ARVC = arrhythmogenic right ventricular cardiomyopathy, CAD = coronary artery disease, CHD = congenital heart disease, CHF = congestive heart failure, CMP = cardiomyopathy, CMR = cardiac magnetic resonance, DCM = non-ischemic dilated cardiomyopathy, HCM = hypertrophic cardiomyopathy, ICD = implantable cardioverter-defibrillator, ICM = ischemic cardiomyopathy, LVEF = left ventricular ejection fraction, MI = myocardial infarction, NICM = non-ischemic cardiomyopathy, NYHA = New York Heart Association chronic infarcts can be found in 12-14% of patients having NICM and no coronary disease (37, 38) . The interpretation of ischemic damage in NICM is not always clear, but the occurrence of "ischemic injury" after spontaneous recanalization of an occlusive coronary event, embolization, or vasospasm has been documented without epicardial coronary obstructive lesions (39) . Importantly, the knowledge of prior myocardial ischemic injury in a patient without CAD on cardiac catheterization, without a history of myocardial infarction, or Q-waves on electrocardiography (ECG) is obscure without CMR (40); based on established clinical criteria, these patients are considered as having "non-ischemic" CMP. Therefore, what deserves to be evaluated is how the unique information provided by the CMR study in patients with clinically established diagnosis of NICM, which primarily relies on coronary evaluation, relates to prognosis. Specifically, whether the finding of endocardial scar in a patient with NICM portends unique prognostic information, which is otherwise not available from other clinical tests, e.g., negative troponins, no stenosis on angiogram and no Q-wave on ECG. To fully ascertain the prognostic utility of CMR, the entire spectrum of clinically diagnosed patients who underwent CMR needs to be investigated. This prognosis-specific consideration of study design however, should be separated from how we use CMR to generate differential diagnosis of cardiomyopathies by better understanding the "tissue physiology". Some studies took a highly-focused approach by including solely the "midwall fibrosis" pattern of scar into their analyses (19, 23) ; however, they do not specify how NICM patients who were found to have other patterns of scar were considered. It is not reported how many patients had other scar patterns, and whether these patients were excluded or considered as not having any scar in the analysis. With respect to arrhythmia specific risk of the study populations, the majority of studies has included a general NICM population and did not exclude patients with prior arrhythmic events. In four of the studies, only patients with NICM referred for ICD implantation for primary prophylaxis of SCD were included, which are limited to patients with an LVEF ≤ 35%.
Although several studies specifically included patients with chronic stable cardiomyopathy, Müller et al. (41) included in their study only patients with recent (less than 4 weeks) diagnosis of NICM. On the other hand, Masci et al. (35) limited the study population to asymptomatic patients not having any HF symptoms.
Two investigations which we included in the present analysis, studied a general referral population undergoing CMR assessment of scar and function, and reported results separately for sub-populations with and without CAD (42, 43) . Although the subgroups of patients without CAD, did not specifically have reduced LVEF and/or cardiomyopathy, the studies did investigate the impact of scar on hard outcomes (both had all-cause mortality as primary endpoint) in large non-ischemic study cohorts.
To summarize, since NICM is a heterogeneous disorder with often clinically vague and ill-defined boundaries as opposed to more specific disease entities, and possibly having several coexisting pathologies in the same patient, it is challenging to make homogeneous groups based on clinical data. This is true in clinical practice, where systolic dysfunction in the absence of epicardial CADs on coronary angiograms or stress tests, or other loading conditions, typically defines NICM. The same problem exists in the published studies evaluating the prognostic role of DE-CMR in NICM. Moreover, attempts to create more homogeneous groups by excluding a priori certain subpopulations of NICM based on clinical grounds, and retrospectively considering the information from CMR hampers the comparison between studies and limits the translation of the study findings into clinical practice. A simpler and more generalized approach would be to include the entire spectrum of NICM as it is diagnosed clinically-by systolic dysfunction and absence of CAD-and then explore how well the finding of myocardial scar on DE-CMR can risk stratify this broad population. This would also better determine the incremental value of performing an MRI study when evaluating clinical patients with cardiomyopathy.
Relation of Myocardial Scar and Outcomes
In the 15 studies included in this analysis a total of 2747 patients were enrolled, with an average population size of 183 patients (range 61-554). The average follow-up time was 32 months (range 19-64 months). The mean LVEF was 35%, which was indicative of a wide range of individual study populations and LVEF; the range was from 25% (in studies which included patients undergoing only ICD placement for primary prophylaxis) (30, 34, 44) to 52-56% (in more generalized patients without CAD) (42, 43) .
The prevalence of "scar", e.g., myocardial delayed enhancement suggestive of myocardial damage, was on average 41%, the range being 18% to 71%. This was not surprising, considering the heterogeneity of exclusion criteria for patient groups and scar patterns. In all studies, the presence of scar was diagnosed by visual interpretation by an experienced reader. To improve the specificity, most studies required the documentation of scar in an identical location, on orthogonal imaging planes. The methods used for scar quantification included visual scoring of the number of segments with scar, manual planimetry, and signal thresholding techniques to determine scar borders. For the latter approach, most often the "2-standard deviation (SD)"-technique was used, as described originally by Kim et al. (18) for myocardial infarction. In 2 studies, the "fullwidth at half maximum" (FWHM) technique was used. Despite possible differences in measured scar size due to different methods of analysis, the average scar size was small, typically around 6% of LV mass (range 0.8-25.6%). Few studies provided comparisons of measurements of scar size using different techniques. Gao et al. (34) measured a 50% larger scar size going from 5-SD to 2-SD thresholds above remote myocardial signal intensity. Neilan et al. (30) found that scar size was, on average, 50% greater using the 2-SD technique versus the FWHM technique (9 ± 5% by 2-SD method vs. 6 ± 4% by FWHM method); however, there was close correlation between both the measurements (r = 0.92, p < 0.001), and more importantly, both methods of quantification showed robust prognostic association.
The primary study endpoints were heterogeneous. Few studies have considered all-cause or cardiac mortality only, but most had a combined endpoint of mortality with HF events (HF hospitalization, heart transplant) and/or arrhythmic events (survived SCD, ICD shock, and sustained ventricular arrhythmias). Some studies have focused on an arrhythmic endpoint by combining SCD, appropriate ICD shocks, aborted SCD, and sustained ventricular arrhythmias. Figure 2 summarizes the univariate associations of the presence of myocardial scar to the primary study endpoints, which are heterogeneous in the 13 studies analyzed (see Table 2 for list of primary endpoints), and therefore summarized as major adverse cardiac events (MACE). Overall, patients with myocardial scar had a more than 3-fold higher risk for MACE compared with patients without scar (hazard ratio [HR], 3.40; 95% confidence interval, 2.47-4.69). Two studies were not included in this analysis. Wu et al. (45) focused on the prognostic role of "grey-zone" of intermediate signal intensity scar, and provide limited data on total scar. The authors presented total scar data only stratified in tertiles, wherein the tertile with largest scar extent has a higher event risk compared to the lowest tertile (HR, 3.4; 95% confidence interval, 1.6-7.0). Iles et al. (46) demonstrated that NICM patients with scar have a higher event risk than NICM patients without a scar and a group of patients with ICM; however, they did not provide a HR. Multivariable analysis with scar presence included as a covariate was performed in 11 studies, and was found to be independently associated with MACE in 9 studies. In the 2 negative studies, Müller et al. (41) included only those patients with a new diagnosis (< 4 weeks) of NICM, and found LVEF ≤ 40% and positive troponin I to be the only significant independent predictors, whereas brain natriuretic peptide, New York Heart Association (NYHA) Classes, QRS duration, and scar presence were not found to be independent predictors. The other study with a negative multivariable analysis was performed by Hombach et al. (28) , who found that neither LVEF nor scar presence were independent predictors of cardiac death, when adjusted for diabetes, QRS-duration on ECG, cardiac index, as well as right ventricular volumes. The 9 studies with positive findings on multivariable analysis included different clinical, ECG, and CMR covariates in the multivariable models, and notably, scar was shown to be a robust predictor of MACE independent of LVEF in 8 out of 9 studies.
Presence of Scar and Major Cardiac Events
Three studies with 1241 patients and a mean follow-up of 4 years, reported the relation of scar presence to allcause mortality and heart transplant in NICM patients. As shown in Figure 3 , patients with scar had a higher event rate compared to patients without scar (HR, 2.5; 95% confidence interval, 1.8-3.4). Eight studies with a total of 1367 patients reported the relation of myocardial scar to arrhythmic events, which were mostly SCD, aborted SCD, appropriate ICD shocks, and sustained VT (Fig. 4) . In this analysis, we included results from all studies that considered arrhythmic events either as primary study endpoint (31, 34, 46) , secondary endpoint or composite of a combined endpoint (19, 23, 28, 30) . Patients with myocardial scar had a 5-fold risk of arrhythmic events compared to those NICM patients without scar (HR, 5.0; 95% confidence interval, 3.2-7.7).
Extent of Scar and Major Cardiac Events
An important aspect of scar as a risk marker is whether there is a quantitative relationship between scar extent 
Scar Cutoff and Major Cardiac Events
Few studies have investigated if there is an optimized cutoff for scar size, which best stratifies NICM patients into high and low risk subgroups. Some studies have used median scar size to stratify patients (31, 34, 44) , while others identified an optimal cut-point with receiveroperating characteristic (ROC) analysis (19, 29, 30) . Using the median scar size did not improve risk stratification, as reported in the studies by Perazzolo Marra et al. (31) and Gao et al. (34) . Perazzolo Marra et al. (31) found that the event-free survival did not differ between patients having scar size measured below the median, and patients with values above the median (log-rank p = 0.295). Gao et al. (34) did find a higher cumulative event risk in patients with scar above the median scar of 18.7 g; however, this was not statistically significant (HR, 1.8; 95% confidence interval, 0.4-7.6).
Three studies report an optimal cutoff for risk stratification to be around 5% of LV mass, which was determined using ROC analysis. Notably, in all three studies, scar was measured using the same the 2-SD technique (19, 29, 30) . Assomull et al. (19) studied 101 patients with NICM. The best threshold was calculated using ROC analysis in 35 patients having midwall fibrosis. When they subdivided the patients with midwall fibrosis into groups with scar < 4.8% and scar > 4.8%, Kaplan-Meier analysis showed a strong trend towards significant difference in outcome between the two groups for their primary endpoint of all-cause death and cardiovascular hospitalization (p = 0.07). In a subsequent study, the same center expanded their study population to 472 NICM patients with a longer follow-up, and found a strong correlation in the presence and the extent of midwall fibrosis, with all-cause death, arrhythmic event, and a combined HF endpoint. However, no data on scar cutoff was reported (23). Neilan et al. (30) studied 162 NICM patients and performed ROC in 81 patients with scar, which was more inclusive when compared to the study of Assomull et al. (19) and Gulati et al. (23) , with midwall fibrosis, epicardial scar, focal/involving the right ventricular insertion points, or diffuse scar. They found a scar size of > 6.1% by 2-SD (> 4.4% by FWHM technique) to have a sensitivity of 90% and specificity of 95% for the prediction of the cardiovascular death or appropriate ICD therapy. Lehrke et al. (29) found a percentage scar of 4.4 among NICM patients who had midwall, epicardial, patchy/ foci, or diffuse scar, as optimal discriminator (HR, 5.3; 95% confidence interval, 1.8-15.5).
Distribution of Scar and Major Cardiac Events
The analyzed studies are heterogeneous with respect to how different morphological scar patterns were considered. Some studies included only patients with NICM who either had midwall fibrosis or no scar; it was not reported whether other scar patterns were encountered, and if so, whether those patients were excluded (19, 23) . The majority of the analyzed studies included other non-ischemic patterns of scar (excluding only subendocardial scar), and few study included all types of scars (34, (43) (44) (45) .
A number of studies explored the relationship of adverse outcomes to specific patterns of scar. Wu et al. (44) found that the rates of their combined endpoint (cardiovascular death, HF hospitalization, or ICD shock) occurrence was similar among the three patterns of scar they reported (38% midwall fibrosis, 43% transmural pattern, 50% patchy scar). Similarly Lehrke et al. (29) found that the rates of cardiac death, ICD shock for VT/ventricular fibrillation, or hospitalization for HF were similar among patients with midwall, patchy focal, epicardial, and diffuse enhancement patterns. Neilan et al. (30) found the highest risk in patients with diffuse scar, but likely due to small number of patients in each category of scar (epicardial, midwall, and focal insertion point), and they also found that the location of scar was not associated with MACE (cardiovascular death and appropriate ICD shock) or an arrhythmic endpoint alone. In summary, based on the present evidence, we cannot conclude that any specific scar pattern, either ischemic versus non-ischemic, or one of the different nonischemic patterns, has a stronger correlation to adverse outcomes when compared to other patterns.
DISCUSSION
There is rapidly growing evidence that the presence of myocardial scar detected by CMR provides prognostic value in patients with NICM. In this review, we have summarized data from 15 studies mostly published in the last 5 years, with over 2700 patients, which demonstrate that myocardial scar is associated with 2.5-fold risk of all-cause mortality, and a more than 3-fold risk of major cardiovascular events. However, the strongest association is seen with arrhythmic risks, with a near 5-fold increased rate of ventricular tachyarrhythmia or SCD in patients with NICM who have scar.
The average prevalence of myocardial scar in NICM patients was 41% which, from a practical standpoint, is an important pre-requisite for a valuable risk stratification test, in that a large group of low-risk patients can be separated from a small group of patients with highest risk.
This potential of myocardial scar for risk stratification appears to be particularly appealing, given the modest specificity of LVEF for identifying appropriate ICD recipients. Analysis of the SCD-HeFT (Sudden Cardiac Death in Heart Failure Trial), which evaluated the benefit of ICD treatment in the primary prevention of SCD in patients with ICM or NICM, an LVEF ≤ 35%, and NYHA II or III functional class, showed that although there is a mortality risk reduction, only about 20-25% of patients received an appropriate ICD shock in 5 years (16) . Thus, the number of patients who need to be treated to prevent one event is very high if patients are selected primarily based on LVEF criteria, and many eligible patients did not benefit from this valuable, but costly, ICD therapy. Although there are several possible explanations, some insights in particular for the low specificity may be gleaned from the pathophysiologic mechanisms of ventricular tachyarrhythmia. Although LVEF as a global parameter of systolic function does strongly relate to all-cause mortality (47, 48) , LVEF itself does not directly represent a substrate for ventricular fibrillation or fibrillation. Moreover, it only indirectly indicates that a substrate for arrhythmia (for example ischemia or myocardial scar) may be present (49) . However, many patients have systolic dysfunction without having a substrate for ventricular tachyarrhythmia, and therefore despite having a reduced LVEF they are at lower risk for arrhythmic death.
Conversely, LVEF has also limited sensitivity for predicting SCD. Community-based studies from the United States and Europe demonstrated that of the patients who had LV function assessed before cardiac arrest, up to 70% of SCD victims had a preserved LVEF prior to the cardiac arrest (50, 51) , and did not meet current LVEF criteria according the guidelines for ICD prophylaxis. Thus, a large group of patients who are at risk for SCD are not appropriately identified with current risk stratification tools.
Before scar can be used widely for SCD risk stratification, there are few open questions. Is the presence of scar alone the best criterion, or should a scar cutoff be used? Although few studies have explored a scar cutoff for optimized risk stratification, to date the largest study by Gulati et al. has shown that its presence itself is a strong risk parameter, and therefore may obviate the requirement for scar quantification (26) . Nonetheless, several studies have shown a quantitative relation between extent of scar and adverse outcome. This important question-presence or cutoff-requires further investigation.
A related issue is the method to be used for scar quantification. First, before any quantification method is used, the presence or absence of scar has to be determined by an experienced reader, particularly because scar sizes in NICM are usually small, and often very subtle changes with intermediate signal intensities. Several studies used a segmental scoring approach, which is simple and fast. For quantification, the "2-SD" threshold method has been most widely used, and would therefore be a good approach for future studies to allow comparison of results. Few investigations have used the "FWHM" threshold method, which measures smaller scar sizes as compared to the 2-SD technique. However, there are no comparisons to a gold standard of pathology examinations in NICM patients.
Another open question relates to the relative importance of different scar patterns seen in NICM patients. Based on the presently available data, we can conclude that the absence of any scar portends a low risk for adverse cardiovascular events, and therefore CMR scar imaging in addition to LVEF determination should be considered in patients undergoing risk stratification for ventricular arrhythmias. If scar is present though, there is still limited data on the relative prognostic importance of different scar patterns. In the reported literature, subendocardial scar has particularly been excluded from most analyses. Nonetheless, this pattern can be encountered in 12-15% of patients with NICM (40, 41, 52) , and therefore its prognostic value is currently not well established in these patients. Furthermore, the relative prognostic importance among different non-ischemic patterns has been investigated only by few studies, and with a small numbers of patients for each pattern; therefore, more studies are needed before definite conclusions can be established.
Finally, in the majority of the analyzed studies, patient selection bias is present, which is introduced by an attempt to refine the NICM population by excluding patients based either on clinical "pre-CMR" grounds, or after the knowledge of the CMR results based on certain CMR patterns. However, this limits the generalizability of findings, because patients are clinically being diagnosed with NICM typically if they have systolic dysfunction after exclusion of epicardial CAD and abnormal loading conditions. The true value of CMR can only be assessed, if one chooses the same approach clinicians use to evaluate patients, e.g., if CAD is excluded by coronary angiography with or without stress testing, abnormal loading (primary valvular disease, hypertrophic obstructive cardiomyopathy) by echocardiography, and specific diseases, based on non-CMR data such as clinical history, laboratory results, biopsy etc. Excluding patient groups after the CMR results (either new diagnosed ischemic damage, infiltrative disease etc.) not only limits the generalizability but also the evaluation of the full strength of this test.
Cardiac magnetic resonance imaging is now widely used in several fields of cardiovascular disease assessment. Even if there is a practical utility of this parameter for risk stratification in patients with cardiomyopathy, CMR is not yet widely accepted among clinicians as a routine screening test for risk assessment in patients with NICM. Recently, Korean guidelines for appropriate utilization of CMR have been published, which recommends myocardial scar evaluation with CMR to determine candidates of ICD or cardiac resynchronization therapy (CRT) therapy in HF patients (Level of evidence, A; Appropriateness criteria, A) (53) . On the basis of these recommendations, expanding the clinical applications of CMR would be beneficial for the management of patients with NICM.
